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osting by EAbstract Molecular analyses for the study of soil microbial communities often depend on the
direct extraction of DNA from soils. The present work compares the effectiveness of three
different methods of extracting microbial DNA from seven different paddy soils. Comparison
among different DNA extraction methods against different paddy soil samples revealed a
marked variation in DNA yields from 3.18–20.17 lg DNA/g of dry soil. However, irrespective
of the soil samples and extraction methods the DNA fragment size was >10 kb. Among the
methods evaluated, method-C (chemical–enzymatic–mechanical) had better cell lysis efﬁciency
and DNA yield. After puriﬁcation of crude DNA by Puriﬁcation Kit, A260/A230 and A260/
A280 ratios of the DNA obtained by method-C reached up to 2.27 and 1.89, respectively,
sustaining the efﬁcacy of this technique in removing humic acid, protein and other
contaminants. Results of the comprehensive evaluation of DNA extraction methods suggest
that method-C is superior to other two methods (chemical–enzymatic and chemical–
mechanical), and was the best choice for extraction of total DNA from soil samples. Since soil
type and microbial community characteristics inﬂuence DNA recovery, this study providesnt of Biological Sciences, Inha
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Saud University.
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338 M.R. Islam et al.guidance for choosing appropriate extraction and puriﬁcation methods according to
experimental goals.
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Microbial communities play a critical role in maintaining soil
productivity by regulating the cycling, retention and release
of major nutrients in soil (Torsvik and Øvrea˚s, 2002; Islam
et al., 2011). But till to date, up to 99% of the microbes present
in soil are neither cultivable nor accessible for basic biotechno-
logical research (Knietsch et al., 2003; Lakay et al., 2007).
Conventional approaches currently being used appear to be
inaccurate, and the results obtained hardly indicate compre-
hensive proﬁle of soil microbial diversity in situ (Luo et al.,
2003). On the other hand, molecular techniques such as PCR
ampliﬁcation of 16S rRNA genes or other genes of ecological
signiﬁcance yield relatively less biased information about
microbial communities than traditional culturing approaches.
Therefore, molecular analyses of microbial communities in
complex environmental samples such as soil warrant efﬁcient
unbiased DNA extraction procedures.
Numerous techniques have been developed for direct
extraction and puriﬁcation of total community DNA from dif-
ferent environmental samples (Bu¨rgmann et al., 2001; Roose-
Amsaleg et al., 2001; Luna et al., 2006). Among them, the most
commonly applied approach involves the in situ lysis of cells
(Roose-Amsaleg et al., 2001) through chemical and/or enzy-
matic and/or mechanical lysis (Robe et al., 2003; Luna et al.,
2006). Though these methods generally provide the highest
DNA yields within acceptable processing times by complete
in situ lysis of all microorganisms, each method has its own
disadvantages (Robe et al., 2003). The lysis efﬁciency in any
nucleic acid extraction procedure is critical in determining its
success, such that an accurate representation of the microbial
community can be achieved (Robe et al., 2003; de Lipthay
et al., 2004).
The purity of the DNA from soil is often found unsatisfac-
tory, particularly in soils rich in humic compounds (Courtois
et al., 2001) such as bulk soil from paddy ﬁelds. Because of
its physico-chemical similarity with nucleic acids, humic sub-
stances are usually co-extracted during extraction of DNA
from soils and this can interfere with DNA detection, measure-
ment and puriﬁcation (Zhou et al., 1996). This contamination
can inhibit the activity of Taq DNA polymerase during PCR
ampliﬁcation of genes (Luo et al., 2003).
Paddy soils represent one of the principal agricultural sys-
tems in Korea. Fertile soil provides essential nutrients for crop
growth, and then supports a diverse and active microbial com-
munity. Knowledge of the microbial community structure in
different paddy soils can advance our understanding of soil
processes and microbial functions in rice-based cropping sys-
tem (Islam et al., 2009). Though many methods for community
DNA extraction from soil samples have already been de-
scribed, none of these have been shown to be robust enough
to be accepted by the scientiﬁc community as a standard pro-
tocol. Moreover, most of the methods involve re-purifying
process, which are not only time consuming and costly but also
subject to DNA loss. In the present study, we compared andevaluated three different methods for extraction of microbial
community DNA from seven different paddy soils through
analyzing simplicity, purity, and yields of DNA.2. Materials and methods
2.1. Sample collection
The soil samples were collected from seven different paddy
ﬁelds located at the National Institute of Agricultural Science
and Technology, Suwon city, Republic of Korea in October
2008. The sampling was done by collecting soils from nine ran-
domly selected points within each ﬁeld at 0–20 cm depth using
a 1.45 cm diameter soil core. Samples from each ﬁeld were then
combined to form one composite sample and stored at 4 C
during experimental period. The properties of bulk soil texture
are described in Table 1.
2.2. Extraction of soil DNA
To extract total microbial community DNA from paddy soils,
we applied three different methods; method-A (chemical–
enzymatic lysis), method-B (chemical–mechanical lysis), and
method-C (chemical–enzymatic–mechanical lysis). The basic–
differences among the three extraction methods are shown in
Table 2.
In method-A, DNA was extracted by the protocol of Zhou
et al. (1996) with a little modiﬁcation. Brieﬂy, 5 g of soil samples
were mixed with 13.5 mL of DNA extraction buffer (100 mM
Tris–HCl, pH 8.0; 100 mM sodium EDTA, pH 8.0; 100 mM
sodium phosphate, pH 8.0; 1.5 M NaCl; 1% CTAB [Hexadec-
ylmethylammonium bromide]) and 100 lL Proteinase-K
(10 mg/mL) in a Oakridge tube by horizontal shaking at
225 rpmunder 37 C for 30 min. 1.5 mLof 20%sodiumdodecyl
sulfate (SDS) was added to the sample mixture, which was then
incubated for 2 h at 65 C in a water bath with gentle end-
over-end inversions every 15–20 min. After centrifugation at
6000 rpm for 10 min under room temperature the supernatants
were collected, and the pellets were transferred into a 50 mL cen-
trifuge tube. The pellets remaining were then extracted two
more times by adding 4.5 mL of the extraction buffer and
0.5 mL of 20% SDS, vortexed for 10 s, followed by incubation
at 65 C for 10 min, and centrifugation as described earlier.
For Method-B, Kuske’s (1997) extraction protocol was fol-
lowed with slight modiﬁcations. Ten milliliters of TENS buffer
(50 mM Tris, pH 8.0; 20 mM disodium EDTA; 0.1 M NaCl;
1% [w/v] SDS) was added to 5 g of soil samples and vortexed.
The samples were incubated in a water bath at 70 C for 1 h,
and centrifuged at 6000 rpm for 10 min to collect the superna-
tant. The soil pellet was then washed with 5 mL of TEN buffer
(TENS buffer without SDS), and the supernatant was col-
lected upon centrifugation. Thereafter, the soil pellet was re-
suspended in 7.5 mL of TEN buffer and exposed to three sets
of thermal shocks by immersion of the tubes at 20 C for
Table 1 Selected properties of the different paddy soil samples. The values are averages ± standard errors based on three replications.
Soil
sample No.
Soil texture pH EC (dS/m) Organic
matter (g/kg)
Available N
(mg/kg)
Available P
(mg/kg)
Available K
(mg/kg)
1 Sandy loam 6.0 ± 0.35 0.65 ± 0.05 38 ± 2.21 112.36 ± 4.56 76.14 ± 2.27 227.30 ± 6.32
2 Silty loam 6.4 ± 0.11 0.79 ± 0.03 27 ± 1.64 105.17 ± 1.98 25.72 ± 0.85 124.15 ± 2.55
3 Sandy loam 6.5 ± 0.23 0.83 ± 0.17 31 ± 0.92 103.84 ± 6.12 68.55 ± 4.38 87.60 ± 3.24
4 Clay loam 5.8 ± 0.38 1.21 ± 0.09 43 ± 1.13 120.57 ± 3.50 45.70 ± 3.14 175.16 ± 8.05
5 Loamy 6.9 ± 0.19 0.57 ± 0.03 25 ± 2.27 115.20 ± 2.03 105.61 ± 7.42 256.42 ± 2.86
6 Silty clay 5.9 ± 0.42 1.06 ± 0.06 29 ± 0.64 131.91 ± 4.35 83.46 ± 2.95 96.50 ± 4.50
7 Clay loam 6.7 ± 0.24 0.72 ± 0.11 36 ± 1.08 137.82 ± 7.40 117.23 ± 5.08 306.15 ± 7.12
Table 2 Treatment differences for soil lyses in three different methods.
Treatment Method-A Method-B Method-C
Chemical 20% SDS 1% SDS 10% SDS
1% CTAB 0.1 M NaCl 0.15 M NaCl for solution I
1.5 M NaCl 0.1 M NaCl for solution II
Enzymatic Proteinase-K – Lysozyme
Mechanical – Freezing and thawing Freezing and thawing
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centrifugation at 6000 rpm, and the supernatant was collected.
For method-C, DNA extraction procedure by Tsai and
Olson (1991) was used with modiﬁcation. Shortly, 5 g of soil
samples were mixed with 10 mL of 120 mM sodium phosphate
buffer (pH 8.0) by shaking at 150 rpm for 15 min. The slurry
was pelleted by centrifugation at 6000 rpm for 10 min. The pel-
let was washed again with phosphate buffer, re-suspended in
10 mL lysis solution I (0.15 M NaCl; 0.1 M disodium EDTA,
pH 8.0) containing 15 mg/mL of lysozyme, and incubated in
a 37 C water bath for 2 h with agitation at 20–30 min inter-
vals, and then 10 mL of lysis solution II (0.1 M NaCl; 0.5 M
Tris–HCl, pH 8.0; 10% SDS) was added. Three cycles of freez-
ing in 20 C and thawing at 65 C in water bath was con-
ducted to release DNA from the microbial cells, and the
suspension centrifuged at 6000 rpm for 15 min to get the
supernatant.
Supernatants obtained from all three cycles of extractions
were combined for each of the three different methods, and
then mixed with an equal volume of chloroformisoamyl alco-
hol (24:1, v/v). The aqueous phase was recovered by centrifu-
gation and precipitated with 0.6% v/v of isopropanol at room
temperature for 1 h. Crude nucleic acid pellet was obtained by
centrifugation at 12,000 rpm for 20 min at room temperature,
washed with cold 70% ethanol, and re-suspended in sterile
deionized water to give a ﬁnal volume of 500 lL and stored
at 20 C for future use.
2.3. Evaluation of DNA quality and quantity
The quality and quantity of DNA were evaluated and esti-
mated using a Spectrophotometer (UV-1601, Shimadzu) by
calculating the A260/A230 and A260/A280 ratios as described
by Sambrook et al. (1989). This method was based on the prin-
ciple that co-extracted humic acids, phenol, and other aro-
matic compounds are absorbed at 230 nm whereas DNA at
260 and protein at 280 nm; high A260/A230 and A260/A280 ra-
tios are indicative of purity of DNA (Yeates et al., 1998; De
Maeseneire et al., 2007). A pure sample of DNA has theA260/A280 ratio as 1.80, and the A260/A230 ratio as 2.00,
whereas DNA preparation that is contaminated with protein
will have an A260/A280 ratio lower than 1.80 (Sambrook
et al., 1989). Samples of extracted DNA were also assessed
by agarose gel electrophoresis. The band size of each extracted
crude DNA was determined by comparing with known con-
centration of molecular weight marker (DirectLoad Wide
Range DNA Marker) on 0.8% (w/v) agarose gel containing
0.5 lg/mL of ethidium bromide. Gel images were visualized
under ultraviolet light (Bio-Rad Laboratories, CA, USA).
2.4. Puriﬁcation of DNA
All extracted crude DNA were puriﬁed by GeneAll DNA
Puriﬁcation Kit (Biofrontier Technology). The puriﬁcation
protocols (gel-plus-column method) were performed according
to the manufacturer’s instructions.
2.5. Statistical analyses
The data were analyzed using the SAS package version 9.1
(SAS Institute Inc., Cary, NC, USA). The values given repre-
sent mean ± standard errors based on three replications.3. Results and discussion
In the present investigation, we used three different extraction
methods to separate microbial community DNA from seven
different paddy soil samples. The efﬁciency of soil microbial
DNA extraction depends on soil qualities, including the cell
content, pH value, and humic acid content (Roose-Amsaleg
et al., 2001; Gu et al., 2005). Different paddy soil samples re-
vealed a noticeable variation in DNA yields, and this variation
observed in our work may be due to the differences in soil
properties. Johnson et al. (2003) reported that bacterial
DNA ﬁngerprints are signiﬁcantly correlated with soil electri-
cal conductivity, soil texture, inorganic carbon, and nitrogen
content but not with pH and organic carbon content.
Table 3 Purity ratios of extracted microbial DNA, and DNA yield from paddy soils by three different methods. The values are
averages ± standard errors based on three replications.
Method Soil sample Crude DNA Puriﬁed DNA DNA yields
(lg/g of dry soil)a
A260/A230 A260/A280 A260/A230 A260/A280
A 1 0.92 ± 0.03 1.14 ± 0.04 1.89 ± 0.04 1.68 ± 0.03 10.93 ± 1.17
2 0.93 ± 0.01 1.12 ± 0.02 1.91 ± 0.05 1.72 ± 0.04 12.20 ± 1.26
3 0.91 ± 0.05 1.14 ± 0.02 1.73 ± 0.01 1.48 ± 0.06 8.78 ± 0.04
4 0.92 ± 0.07 1.15 ± 0.07 1.86 ± 0.03 1.64 ± 0.02 6.94 ± 0.08
5 1.02 ± 0.04 1.26 ± 0.05 2.01 ± 0.04 1.62 ± 0.07 13.02 ± 1.27
6 1.14 ± 0.02 1.22 ± 0.03 2.05 ± 0.07 1.65 ± 0.05 18.65 ± 1.24
7 1.22 ± 0.04 1.12 ± 0.06 2.01 ± 0.05 1.72 ± 0.02 13.17 ± 1.02
B 1 0.89 ± 0.02 1.16 ± 0.01 1.78 ± 0.06 1.57 ± 0.05 7.16 ± 0.65
2 0.88 ± 0.06 1.17 ± 0.03 1.75 ± 0.02 1.60 ± 0.04 9.13 ± 1.34
3 0.90 ± 0.08 1.15 ± 0.08 1.69 ± 0.05 1.50 ± 0.03 5.95 ± 0.05
4 0.94 ± 0.01 1.15 ± 0.02 1.72 ± 0.06 1.47 ± 0.05 3.18 ± 0.14
5 0.88 ± 0.04 1.16 ± 0.04 1.74 ± 0.01 1.59 ± 0.06 4.87 ± 0.06
6 1.22 ± 0.08 1.12 ± 0.05 1.78 ± 0.03 1.49 ± 0.07 9.54 ± 1.09
7 1.26 ± 0.05 1.30 ± 0.03 1.80 ± 0.07 1.75 ± 0.09 11.36 ± 1.21
C 1 1.35 ± 0.09 1.08 ± 0.02 2.11 ± 0.08 1.76 ± 0.07 13.75 ± 1.07
2 1.16 ± 0.01 1.16 ± 0.06 2.13 ± 0.05 1.81 ± 0.02 15.87 ± 0.05
3 1.27 ± 0.03 1.22 ± 0.04 2.13 ± 0.02 1.69 ± 0.05 14.05 ± 1.42
4 1.17 ± 0.01 1.40 ± 0.03 2.10 ± 0.09 1.84 ± 0.06 13.74 ± 0.04
5 1.49 ± 0.07 1.37 ± 0.05 2.27 ± 0.03 1.89 ± 0.08 20.17 ± 1.31
6 1.21 ± 0.02 1.40 ± 0.03 2.11 ± 0.01 1.86 ± 0.04 18.50 ± 1.23
7 1.27 ± 0.06 1.33 ± 0.01 2.16 ± 0.04 1.83 ± 0.03 16.04 ± 1.08
a DNA yields were calculated by the OD value of DNA determined by UV-Spectrophotometer.
Figure 1 Comparison of total microbial DNA extracted from different paddy soils: (a) Method-A, (b) Method-B and (c) Method-C.
Lanes: 1, Soil Sample 1; 2, Soil Sample 2; 3, Soil Sample 3; 4, Soil Sample 4; 5, Soil Sample 5; 6, Soil Sample 6; 7, Soil Sample 7; M,
molecular weight marker (DirectLoad Wide Range DNA Marker).
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determined by the UV-Spectrophotometer, and the results are
presented in Table 3. UV absorption ratio of A260/A230 was
0.91 to 1.22 for method-A, 0.88 to 1.26 for method-B, and
1.16 to 1.49 for method-C. Similarly, UV absorption ratio of
A260/A280 of extracted crude DNA was ranged between 1.12–
1.26, 1.12–1.30 and 1.08–1.40 by methods-A, -B, and -C,
respectively. These results indicate DNA extracted via meth-
od-C yielded DNA that was relatively free from humic acids
and protein contamination. On the other hand, the ratios of
A260/A230 and A260/A280 for method-B were comparatively
lower than those of method-A and method-C, suggesting that
method-B was less effective in removing the contaminationalthough it had a higher OD value at 260 nm. Nevertheless,
it can be seen from our result that the respective averages of
A260/A230 and A260/A280 ratios of DNA from all soil samples
were above 1.00, suggesting that DNA extracted by the three
methods contained low humic acid and protein impurities
(Yeates et al., 1998; Roh et al., 2006).
Total yields of the extracted DNA from soil samples using
three different methods were determined spectrophotometri-
cally and the yields were found to be varied with different
extraction methods (Table 3). Depending upon soils, DNA
extraction by the method-A, method-B, and method-C yielded
to 6.94–18.65, 3.18–11.36, and 13.74–20.17 lg DNA/g dry soil
sample, respectively. As it shows, quantity of DNA recovered
Comparisons of soil DNA extraction methods 341using enzymatic cell lysis method (method-A and method-C)
was higher compared to chemical–mechanical disruption
(method-B). Maximum 20.17 lg DNA/g soil was obtained
with method-C followed by 18.65 lg DNA/g soil with meth-
od-A. These results were a little higher than the previous ﬁnd-
ing (18.20 lg/g) of Howeler et al. (2003). The possible reason
for method-A and method-C yielding the promising extraction
result is that enzymatic digestion (proteinase-K and lysozyme)
could effectively break up the cell wall of microorganism to re-
lease DNA easily (Zhang et al., 2003). Though we found meth-
od-B to yield the lowest (3.18 lg DNA/g of soil) in this study,
it is still higher compared to earlier observation by Martin-
Laurent et al. (2001) who have obtained 0.19–2.52 lg/g
DNA from different soil samples using a similar technique.
The differences in DNA yields by three methods from each
of the seven soil samples were visualized by band analysis after
electrophoresis of extracted crude DNA (Fig. 1). The amount
and quality of the DNA extracted from all soils were similar
and the fragment size was larger than 10 kb. However, meth-
od-B and method-C yielded comparatively low molecular size
DNA in case of Soil Sample 1 and Soil Sample 2.
It was observed in the present study that the contamination
of humic materials and protein was very high in crude micro-
bial DNA. After crude DNA was puriﬁed using Puriﬁcation
Kit, the A260/A230 and A260/A280 ratios of DNA from different
soil samples were ranged from 1.73 to 2.05 and 1.48 to 1.72 by
method-A, 1.69 to 1.80 and 1.47 to 1.75 by method-B, and 2.10
to 2.27 and 1.69 to 1.89 by method-C (Table 3). These results
indicate that DNA extracted by all three methods was of good
quality. By comparison, the DNA recovery efﬁciency of meth-
od-B was obviously lower than method-A and method-C.
Sambrook et al. (1989) reported that A260/A230 ratio greater
than 2.00 and A260/A280 ratio greater than 1.80 indicate pure
DNA, while low ratios indicate humic acid or protein contam-
ination. Similar results were obtained by method-C with all
soils except Soil Sample 1 and Soil Sample 3, where A260/
A280 ratios of puriﬁed DNA were 1.76 and 1.69, respectively.
This shows the efﬁciency of this method compared to others
in removing contaminants.
In our experiment, enzymatic techniques showed the best
results with respect to cell lyses and DNA purity. Better quality
of DNA with high molecular weight and purity was obtained
with method-C. This may be due to the combination of chem-
ical/enzymatic/mechanical lysis technique, which could give
much higher DNA yields without severe shearing as previously
reported by Zhou et al. (1996). On the other hand, method-B
produced comparatively low quality and quantity of DNA.
The reason behind this can be attributed to the fact that re-
peated freeze–thaw operation can cause a certain degree of
damage to nucleic acid, especially large linear DNA molecules
such as eukaryotic chromosomal DNA. Previously, Liesack
et al. (1991) reported that bead mill homogenization and other
mechanical approaches such as sonication generally cause se-
vere DNA shearing.
4. Conclusion
The results of this comprehensive evaluation of DNA extrac-
tion methods suggest that all of these methods were suitable
for use in a large-scale study involving the direct comparative
analysis of different paddy soils. However, method-C(chemical–enzymatic–mechanical lysis followed by DNA
puriﬁcation) proved to be superior to other two methods
(chemical–enzymatic and chemical–mechanical), and was the
best choice to extract total DNA from soil samples. UV
absorption proﬁles showed that extracted DNA was relatively
free of adhering soil components such as humic acids and
protein contaminants. This method was found to be reliable,
simple, rapid, and affordable for microbial community DNA
extraction from different soils. It is, however, important to
recognize that no single method of DNA extraction or puriﬁ-
cation will be appropriate for all soil types and experimental
goals, as there are multiple factors that may affect the perfor-
mance of an extraction method. Combinations and modiﬁca-
tions of different protocols might be needed for some
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